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This project consists of a modeling study of the tradewind boundary layer and its
effects on the general circulation of the atmosphere, on the deep convection downstream,
and on the radiative energy budget of the subtropical and tropical oceans. Emphasis will be
placed on tradewind processes which produce clouds in the radiative sense, and on
improving the tradewind boundary layer simulation produced by general circulation

models.
Our progress to date on the various tasks is as follows:

1. Construct a simple one-dimensional model of the tradewind boundary layer.

We have constructed a simple tradewind boundary-layer model based on the
second-order bulk model of Randall et al. (1992). The model has been endowed with both
a radiation parameterization and a bulk microphysics parameterization. A new surface flux

parameterization has been developed and tested (Zhang et al. 1996).

In addition, we have performed some idealized simulations of closed mesoscale
cellular convection, and have also formulated a simple weakly nonlinear analytical model
of the same phenomenon. A journal article on this work has been accepted for publication
(Shao and Randall 1996).

We are now in the process of extending the model by implementing it as a second-
order closure model with variable vertical resolution. The second and third moments
involving the vertical velocity and the thermodynamic variables are parameterized using
the second-order bulk model of Randall et al .(1992). The surface fluxes are parameterized

in terms of the turbulence kinetic energy, following Zhang et al. (1996).

2. Test the model by using ASTEX data, and also by using a cloud ensemble model.

We have conducted several numerical experiments, set up to simulate the ASTEX
data, using the cloud ensemble model developed by S. Krueger and A. Arakawa at UCLA
(Krueger, 1985; 1988). In addition, the second-order bulk model is being run with the same
ASTEX conditions, in an offline mode. The results are quite reasonable (Bechtold et al.

1996; Chen 1996) and are being extensively compared with the observations.



3. Incorporate the model into the CSU GCM.

The new surface flux parameterization has been tested in the GCM. We are

preparing to test the second-order closure model in the GCM as well.

4. Using the CSU GCM, simulate the observed distribution of tradewind cumulus clouds
over the tropical oceans. und the associated vertical profiles of temperature and
moisture.

We have conducted an AMIP simulation with the modified version of the GCM.
The distributions of boundary-layer clouds and surface wind stress are much more realistic
now than in previous versions of the model. We are currently preparing to test the improved
atmospheric model as coupled with a dyanamical model of the tropical Pacific Ocean. Our
goals are to investigate the coupled model’s ability to simulate both the seasonally varying

basic state and the occurance of El Nifios.
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